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Abstract

We analyzed some glycosaminoglycans and natural and artificial acidic polysaccharides using microchip electrophoresis in the buffer
containing ethidium bromide, and found that they were successfully separated and detected within 150 s with comparable sensitivity with
that of conventional electrophoresis using cellulose acetate membrane. We applied the technique to the analysis of glycosaminoglycans in
pharmaceutical preparations and also in cultured cancer cells. Rapidness and easy operation of the proposed technique are quite useful fo
routine analysis of glycosaminoglycans.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction require derivatization of carbohydrates with chromophores
or fluorophores for sensitive detection prior to the analysis
Microfluidic separation system such as microchip [11]. Furthermore, they should be converted to ions when
electrophoresis is an emerging attractive technology dueanalyzed by electrophoretic methods.
to its rapidness, high sensitivity and wide applicability A group of acidic polysaccharides, glycosaminogly-
to the analysis of various biological materials. Microchip cans (GAGs) such as heparin, heparan sulfate, chon-
electrophoresis has been applied to the fast and sensitivedroitin/dermatan sulfates and keratan sulfate, play important
analysis of the nucleic acids,2], proteing3], peptided4], roles as major constituents of proteoglycans. Hyaluronic acid,
amino acidg5], carbohydrate$6,7], and DNA fragments  one of the major constituents of tissue matrices, is present as
[8,9]. A few manufacturers have developed microfabri- free form and not as a conjugate with protein. GAGs are
cated analytical devices equipped with multi-separation linear macromolecules composed of repeating disaccharide
channels enabling high-throughput analysis of genomics units of an uronic acid and an aminosugar, and are highly
and proteomics. Separation performance of microchip charged because some of the amino and hydroxyl groups are
electrophoresis is basically similar to that of conventional often substituted with sulfate groufis2]. Heterogeneity of
capillary electrophoresis, but microchip electrophoresis can GAGs in structure and molecular masses is specific to tis-
be performed on a time scale of seconds. sues or species, and plays a key role in various physiological
A variety of modern chromatographic techniques such as eventq13].
high-performance liquid chromatography, polyacrylamide  GAGs are usually analyzed by the following two methods
gel electrophoresis and capillary electrophoresis have beer{14]. (1) Analysis of the oligosaccharides after digestion
employed for the analysis of carbohydrates including oligo- of the parent GAGs with specific enzymes. After GAGs
and polysaccharidel0]. However, most of the methods are digested with lyases or hydrolases, free or unsatu-
rated oligosaccharides thus produced are analyzed by gel
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labeling with 2-aminobenzamid&8], 7-amino-naphthalene-  2.3. Microchip electrophoresis

1,3-disulfonic acid (ANDSA)[19], and some other flu-

orescent compounds. (2) Analysis of native GAGs by  Sample loading and analysis procedures were performed

electrophoresis. Electrophoresis of GAGs using cellulose ac-according to the recommendation procedure provided by the

etate membrane is still widely used due to its easy operationmanufacturer. Buffer solutions were introduced into the mi-

and multi-sample-loading abilitf20], and allows determi-  crochannels with a syringe. All reservoirs on the microchip

nation of native GAGs at microgram level, although several were filled with either running buffer or a sample solution

hours for electrophoresis and staining steps are required.  prior to the analysis. In the sample-loading step, 300V was
In this paper, we propose a rapid method for analyzing applied to the sample well, and separation was performed by

native GAGs or acidic polysaccharides by microchip elec- applying the potential of 750V (130V at the sample intro-

trophoresis with in situ fluorescent detection in the presence duction side).

of a fluorescent intercalator reagent. The proposed method

shortens the total analysis time in the scale of seconds. 2.4. Cellulose acetate membrane electrophoresis

2. Experimental Cellulose acetate membrane electrophoresis was per-
formed using a SE-33 apparatus (Toyo kagaku). SELECA-V
2.1. Materials (Advantec Toyo) was employed as cellulose acetate mem-

brane. The membrane was previously immersed in 25% aque-

Three preparations of hyaluronan (HA, derived from ous methanol for a few minutes, and incubated for 30 min in
Streptococcus zooepidemicusoster comb and pig skin)  puffer solution for electrophoresis (0.1 M pyridine—0.47 M
were obtained from Nacalai Tesque (Nakagyo-ku, Kyoto, formic acid, pH 3.0). Samples were spotted at 1.5cm from
Japan), Wako Pure Chemicals Co. (Dosho-machi, Osakaithe bottom of the membrane with 1.0cm intervals be-
Japan) and Seikagaku Kogyo (Nihon-bashi, Tokyo, Japan),tween each sample spot. Electrophoresis was performed
and have average molecular masses Of1,500,000—2,000,00(11&”9 constant current mode of 0.5mA/cm for 1 h. After
800,000 and 40,000-60,000, respectively. Chondroitin sul- electrophoresis, the membrane was incubated for 10 min
fate A (whale cartilage), chondroitin sulfate C (shark car- in 0.1% Alcian blue/0.1% acetic acid, and then incubated
tilage), dermatan sulfate (pig skin) and heparan sulfate in 0.1% acetic acid for a few minutes to decolorize the
(bovine kidney) were obtained from Seikagaku Kogyo. Hep- packground.
arin (pig intestine), low-molecular-weight heparin, fucoidan
(Fucus vesiculosysand dextran sulfate were purchased
from Sigma—Aldrich, Japan (Chu-o ku, Tokyo, Japan). Colo-
minic acid €. coli was a generous gift from Dr. Ohta
(Marukin-Bio, Uji, Kyoto, Japan). Ethidium bromide and
acridine orange were from Sigma—Aldrich, Japan, and Wako
Pure Chemicals Co. (Dosho-machi, Osaka, Japan), respecP0rn calf sera (NCS) under 5% G@tmosphere at 37TC.
tively. Propidium iodide, ethidium homodimer-1and Hoechst 1he cells were harvested with a cell scraper, and washed
33258 were from Molecular Probes (Eugen, OR, USA). Phar- with pho;phate buffered saline (PBS, 10 ml) several tlr'ne's.
maceutical preparations of hyaluronic acid and heparin were Preparation of GAGs from cells was performed by the simi-

donated from Kinki University Nara hospital. Other reagents '&r method as described in the previous ref2tf. Briefly,
and solvents were HPLC grade or the highest grade commer-C€llS (16 cells) were suspended in 20 mM phosphate buffer

cially available. Water was purified with a Milli-Q Purifica- (PH 7.0, 1 ml) and homogenized with a Teflon—glass homog-

tion System (Waters, Shinagawa, Tokyo, Japan). enizer. The homogenate was centrifuged gt 8000¢g fo'r 10 min
at 4°C, and the supernatant was diluted with 0.5 M Tris—HCI

2.2. Apparatus buffer (pH 8.0, 1 ml). The mixture was digested with pronase
(2 mg) overnight. After heating the mixture on the boiling wa-
Microchip electrophoresis was performed using a Hitachi ter bath for 10 min, the mixture was centrifuged at 8608
Microchip electrophoresis apparatus (Type SV1100) with an and the supernatant was collected. A 95% ethanol contain-
LED detector. The median excitation wavelength of the LED ing 1.3% potassium acetate and 0.27 mM EDTA (6 ml) was
light is preset at 470 nm by the manufacturer and the detec-added to the mixture, and kept &t© for 2 h. The precipitate
tion filter for 580 nm or longer wavelengths is installed. The was collected and dissolved in 0.5M NaOH/1.0 M NagH
chip made of polymethylmetacrylate (PMMA) has a simple and the solution was incubated at room temperature for 48 h
cross channel of 100m width and 3Qum depth. The dis-  torelease the GAG chains from the peptide. After incubation,
tances from the channel intersection to the sample, sampleGAGs were collected by ethanol precipitation as described
waste, buffer and buffer waste wells are 5.25, 5.25, 5.75 andabove. The precipitate (5Q@) was dissolved in 100l of
37.5 mm, respectively. The effective length for separation is water, and a portion of the solution was analyzed by mi-
30mm. crochip electrophoresis.

2.5. Analysis of glycosaminoglycans (GAGSs) from HelLa
cells

HelLa cells were cultured in DMEM containing 10% new-
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2.6. Digestion of GAGs with chondroitinase ABC iodide (c) gave similar fluorescence intensity, we selected
ethidium bromide (b) in this study due to its low running

A portion (50ul) of GAG solution derived from HeLa  cost.
cells was evaporated to dryness by a centrifugal evapora- We examined the optimum concentration of ethidium bro-
tor (SpeedVac, Servant), and dissolved in 100 mM Tris—HCI mide, and found that higher concentrations than 0.001%
buffer (pH 8.0, 5Qul). An agueous solution of chondroiti- caused increase of background fluorescence. Lower concen-
nase ABC (500 munits, 10l) was added. After incubating trations than 0.001% of ethidium bromide decreased peak
the mixture overnight at 37C, the mixture was keptinaboil-  response (data not shown).
ing water bath for 5 min. After centrifugation, the supernatant

was analyzed by microchip electrophoresis. 3.2. Analysis of hyaluronic acid (HA)

HA is widely used for medical use such as treatment of
3. Results and discussion arthritis or an ingredient of eye drops. Although we reported
the analysis of native HA preparations and HA oligomers us-
3.1. Selection of a fluorescent dye for detection of GAGs  ing capillary electrophoresis with photometric detection, the
analysis requires ca. 1[h4,22—24] In contrast, the present
Most of the commercially available equipments for mi- method using microchip electrophoresis is completed within
crochip electrophoresis are designed for detection of nucleica few minutesFig. 2A shows the results on the analysis of
acids, which form fluorescent complexes by intercalation three commercial HA preparations from different sources in
with a fluorescent dye in buffer. Detection is usually per- the buffer containing ethidium bromide. Fig. 2B, the same
formed with a semiconductor laseras alight source at 518 nm.HA preparations were analyzed using conventional cellulose
Inthe present study, we examined to detect native GAGs usingacetate membrane electrophoresis.
a commercially available microchip electrophoresis appara-  Preparation (a) is derived from pig skin, (b) from rooster
tus in the presence of a dye employed for detection of nucleic comb and (c) fron8. zooepidemicusespectively. The low-
acids Fig. 1shows the list of the dyes examined in this study. molecular mass preparation (ca. 40,000-60,000 Da) derived
When HA (1 mg/ml) was analyzed in the presence of from pig skin showed a small peak at ca. 116®( 2A(a)).
ethidium bromide (b) as a dye reagent at 0.001% concen-In contrast, an HA preparation (ca. 800,000 Da) derived from
tration in 0.1 M tris-acetate buffer (pH 7.5) containing 1% rooster comb showed a peak at 125s along with a small
polyethyleneglycol, an intense peak of HA was observed. peak at 95 sKig. 2A(b)). A high-molecular mass preparation
Propidium iodide (c) also showed good results. But other (higher than 1,000,000 Da) derived frof zooepidemicus
reagents (a), (d), and (e) did not show obvious HA peak (datealso showed two peaks at 95 and 125s. However, the peak
not shown). Although ethidium bromide (b) and propidium intensity at 95 s was more abundant than that observed for the

NHo
CH2CH3
of
CH2CHaCHZ—*N—CH3
CHoCH3
H
+/ N
(HaC)2 N N(CH3)2 W-M
-HCI OH
(d) (e) -3CI H

Fig. 1. Fluorescent dyes examined for detection of GAGSs: (a) ethidium homodimer-1 (Ex 528 nm, Em 617 nm); (b) ethidium bromide (Ex 518 nm, Em 605 nm);
(c) propidium iodide (Ex 535 nm, Em 617 nm); (d) acridine orange (Ex 500 nm, Em 526 nm); (e) Hoechst 33258 (Ex 352 nm, Em 461 nm).



432 Y.-k. Matsuno et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 429-436

+

(@)

(b) !

Fluorescence intensity

60 90 120 150
(A) Migration time (sec)

Fig. 2. Analysis of hyaluronic acid preparations. (A) Microchip electrophoresis: (a) low-molecular-mass hyaluronic acid (average molecular mass
40,000-60,000 Da) derived from pig skin, (b) hyaluronic acid (rooster comb) having molecular size of 800,000 Da, and (c) hyalur&izaegiflemiciis

having molecular size of higher than 1,000,000 Da. Analytical conditions: buffer; 0.1 M tris-acetate/1% polyethyleneglycol 70,000/0.0Q4#ohethidde

(pH 7.5); applied voltage, for sample injection: 300 V; for analysis: 750 V. Each sample was analyzed at 1 mg/ml solution. Arrows indicate thegbewadoaf hy

acid. (B) Analysis by cellulose acetate membrane electrophoresis. Abqug pértion of each sample was applied on the membrane.

analysis of the HA preparation derived from rooster comb. In of high molecular-masses forms networks and shows an ir-
contrast, these preparations showed single spot when analregular honeycomb structure under observation using rotary
ysed by cellulose acetate membrane electrophoresis, and thehadowing and electron microscoj@s]. HA molecules are
low-molecular mass preparation derived from pig skin mi- composed of repeating (-4GIA-3-GIcNAG31-) units, and
grated faster than other two preparations, probably becauseare highly heterogeneous in molecular mass distributions.
of low viscosity Fig. 2B). Therefore, HA molecules of low-molecular masses derived
Scott et al. reported several important and suggestive pa-from pig skin showed only a small peak at 110s. In contrast,
pers on the mechanism of fluorescent detection of HA us- HA molecules having larger molecular masses contain a net-
ing an intercalator reagerj£5,26] Computer simulation  work form as well as single filaments in solution, and showed
and energy calculation indicate that HA molecules form two peaks as shown iRig. 2A(b) and 2A(c). A large peak
twofold helix. These observations indicate that the interca- at 95s as well as a smaller one at 125 s suggested that both
lator molecules occupy the positions in hydrophobic cav- HA preparations derived from rooster comb &hdzooepi-
ity of the helix and show enhancement of fluorescence. demicushave two different molecular forms as reported by
In the present study, we found that ethidium homodimer-1 Scott[26]. Although we have no approaches to examine so-
(Fig. 1(a)) did not show enhancement of fluorescence. But lution conformation of HA molecules, these observations
ethidium bromide and propidium iodid&ify. 1(b) and (c)) will be useful for understanding HA matrix in biological
enhance fluorescence upon addition to an agueous solutiortissues.
of HA. These results indicated that the size of the reagent
molecules, nhamely single 9-phenyl-phenanthridinium struc- 3.3. Detection limit and calibration curves
ture, is important and just fits the hydrophobic cavity of HA.
In contrast, acridine orang&ig. 1(d)) and Hoechst 33258 We examined lower detection limit of HA preparations.
(Fig. 1(e)) did not show increase in fluorescence. These The results are shown Fig. 3.
reagents do not have alkyl groups in their molecules. The  Detection limit of HA derived from pig skin was 1.0 mg/ml
alkyl groups of ethidium bromide also seem to be important with signal to noise ratio of ca. ¥F{g. 3A(a)). High molecu-
for enhancement of fluorescence. lar mass HA preparations derived from rooster comb &nd
In the previous paper, we reported that HA molecules hav- zooepidemicushowed higher sensitivities and were detected
ing higher molecular masses than those derived from pig at the concentration of 0.1 mg/ml with signal to noise ratio of
skin are preferable for complex formation with palylysine ca. 3 and 5, respectively. Sensitivities of the present method
[27]. Low intensity of the HA peak derived from pig skin  were comparable with those of conventional cellulose acetate
(Fig. 2A(a)) is well understood from this observation. Low- membrane electrophoresis. But we will be able to improve
molecular mass HA preparation (i.e. HA preparation having the sensitivity by customizing the system for glycosamino-
low-viscosity) occasionally shows single filaments, but HA glycans.
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Fig. 3. Lower detection limit of hyaluronic acid. (A) Hyaluronic acid derived from pig skin at (a) 1.0 mg/ml and (b) 0.5 mg/ml. (B) Hyaluronic acd deriv
from rooster comb at (a) 1.0 mg/ml, (b) 0.1 mg/ml, and (c) 0.05 mg/ml. (C) Hyaluronic acid derive&froooepidemiciet (a) 1.0 mg/ml, (b) 0.1 mg/ml, and
(c) 0.05 mg/ml. Analytical conditions were the same aBim 2

We observed narrow range of calibration curve sensitivity than that of high molecular one is well correlated
(0.1-1.0 mg/ml for HA, data not shown). This narrow range with that observed in the analysis of HA. Heparan sulfate
of calibration curve is mainly due to the background flu- (HS) was observed at 80s. The slow migration was due to
orescence of ethidium bromide. High level of background the lower content of sulfate groups than HP, and broad peak
fluorescence of ethidium bromide results failure in detection indicated that carbohydrate chains of HS were highly hetero-
of GAGs at low concentrations. However, it should be noted geneous (date not shown). Preparations of chondroitin sufate
that the present method using microchip electrophoresis isA (CSA), chondroitin sulfate C (CSC), and dermatan sulfate
ca. 100 times more rapid than conventional cellulose acetate(DS) were also analyzed in the similar manner and observed
membrane electrophoresis, and is completed within 150s. at ca. 65 s. Detection limits of CSA, CSC and DS were 0.1,

0.1 and 0.2 mg/ml, respectively. The present microchip de-

3.4. Analysis of sulfated glycosaminoglycan samples vice requires 1.l of sample solution for analysis. Therefore,

In the analysis of HA by capillary electrophoresis,

polyethyleneglycol was used as molecular-sieving material LE: 1
[28]. Fig. 4 shows effect of polyethyleneglycol in the run- g|®
ning buffer on the peak response when heparin (HP) and 3 :
chondroitin sulfate A (CSA) were used as samples. 5
In the presence of polyethyleneglycol, HPid. 4A(a)) §
and CSA Fig. 4B(a)) were observed at 65 and 70 s, respec- E, ,(b) , , , ,
tively. However, fluorescence intensities of these peaks were Lo 30 60 90 120
smaller than those in the absence of polyethyleneglycol (HP, (A) Migration time (sec)
Fig. 4A(b), CSA, Fig. 4B(b)). In microchip electrophoresis,
sample solutions were introduced by electrokinetic method. > s
This was probably due to difference in injection efficiency. % @)
Therefore, sulfated glycosaminoglycans were analyzed in the E
absence of polyethyleneglycol. § 1
In the similar manner, we examined lower detection limit 2
in the analysis of some sulfated glycosaminoglycans. Mi- £ ®
gration times and detection limits of all typical GAGs are = : : : |
summarized ifmable 1 0 30 60 90 120
Heparin (HP) was observed at ca. 60s, and a solution at (B) Migration time (sec)

0.25 mg/ml was detected with signal to noise ratio of ca. 3. . . .
A preparation of low-molecular HP was also observed at ca. Fig. 4. Effect of polyethyleneglycol in the running buffer on the analysis

e . of sulfated GAGs: heparin (A) and chondroitin sulfate A (B) were analyzed
60s. Sensitivity was not so hlgh as that observed for HP andin the presence (a) or absence (b) of polyethyleneglycol. Each sample was

detection limit was 1.0 mg/ml with signal to noise ratio of ca. analyzed at 1 mg/ml. Arrows indicate the peak of heparin or chondroitin
5. This observation that low molecular heparin shows lower sulfate A. Analytical conditions were the same agig. 2
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Table 1

Lower-detection limit and migration times of GAG samples

Glycosaminoglycan Origin Migration time (s) Detection limjitd/10pl)
Hyaluronic acid Pig skin 110 10
Hyaluronic acid Rooster comb 95,125 .01
Hyaluronic acid S. zooepidemicus 95, 125 10
Heparin Porcine intestine 60

Heparin (low-molecular-weight) Porcine intestine 60 10
Heparan sulfate Bovine kidney 80 .6
Chondroitin sulfate A Whale cartilage 65 .01
Chondroitin sulfate A Shark cartilage 65 .01
Dermatan sulfate Pig skin 65 .@

sensitivity was microgram level, which was comparable with fate is used for treatment of hyperlipidemia. Fucoidan is a

that using cellulose acetate membr§2@]. polymer of fucose, and highly sulfated. Fucoidan has at-
tracted attention as an additive for health food in Japan
3.5. Reproducibility [31]. Alginic acid, composed fronm-mannuronic acid and

L-gluronic acid, is available as sodium salt, and obtained
Run-to-run reproducibility of migration time is evaluated from brown algae. An agueous solution of alginic acid has
using GAGs preparations. The standard errors showed lesdeen used for protection of mucus layer of digestive or-

than 1.1% = 5) in the analysis of all GAGs preparation. gans.Fig. 5 shows the results on the analysis of these
polysaccharides.
3.6. Analysis of acidic polysaccharides Colominic acid (a), dextran sulfate (b), and fucoidan (c)

were observed at 70, 60, and 65s, respectively. However,

We app“ed the present technique to the ana|ysis of otherSOdiUm alginate could notbe detected (date not ShOWn). These
acidic macromolecules such as colominic acid, dextran sul- results indicated that fluorescence development by the inter-
fate, fucoidan, and alginic acid. Colominic acid, a polysac- calator was closely correlated with structures of polysaccha-
charide composed fron\-acetylneuraminic acid through rides, because colominic acid has beenreported to formsingle
a2-8 |inkage3, has various important bi0|ogica| functionsy helix StrUCtUrE{ZS]. Such structure is required for fluorescent
and the relationship between the chain length and its bi- formation, although the fluorescence intensity is not so high

ological activity has attracted attentiof80]. Dextran sul- as those observed in double stranded structures of nucleic
H
(a) HOH

( ) AcHN

a
2
% (b) _CHy R=80zHorH
£ | b 0o _CHp
3 OR o
§ OH OR
2 OR OH
S OR _n
i

\
(C) (C) O
CHz og
0 o}
| | | CHz oR OR
40 60 80 100 OR R= SO3H orH n

Migration time (sec)

Fig. 5. Analysis of acidic polysaccharides: (a) colominic acid, (b) dextran sulfate, (c) fucoidan. Analytical conditions were the salfig. dbn Each
sample was analyzed at 1 mg/ml solution.



Y.-k. Matsuno et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 429-436 435

(a)
(a) =
2 2
' =
= p (b)
o |© 2
2 2
g S O
= [
o |(c)
L
I I I I
0 30 60 90 120
T T I T I (A) Migration time (sec)
0 30 60 90 120 150 g
Migration time (sec)
. . . . o HP -
Fig. 6. Analysis of pharmaceutical preparations of hyaluronic acid: (a) and )
(b) preparations for treatment of arthritis; (c), preparation for treatment of
ophthalmic surgery. Analytical conditions were the same &&jn2. Arrows HS
indicate the peak of hyaluronic acid. Concentrations of hyaluronic acid in
all preparations were 10 mg/ml according to the manufacturers’ data sheets.
HA
acids. Detection limits of these acidic polysaccharides were B) @ (b} © _

1.0-2.0ug as injected amount.

Fig. 7. Analysis of pharmaceutical preparations of heparin: (A) microchip

L. . . electrophoresis; (B) cellulose acetate membrane electrophoresis: (a) and (b)
3.7. Appllcatlon tothe anaIyS|s of pharmaceutlcal GAG are heparin preparations from pig intestine, and (c) is the low-molecular-

preparations weight heparin preparation. Analytical conditions were the same as in
Fig. 4(b). All preparations are 1000 units/ml. HP, heparin; HS, heparan sul-
We applied the present method to the analysis of pharma-fate; HA, hyaluronic acid.
ceutical preparations of GAGs as showrFig. 6.
HA preparations (a) and (b) for treatment of arthritis 3.8. Application to the analysis of GAGs derived from
showed two peaks at ca. 30 and 120s. The preparation (C)HeLa cells
for ophthalmic surgery, also gave two peaks at the similar

migration times. The peak observed at ca. 30 s could not be As another application of the present method, we at-

identified but presumably derived from additives in the prepa- : .
. . tempted to analyze GAGs in cultured HelLa cel .
rations. These preparations showed only one peakatca. 120 s, P yz I cuitu o9

but another peak observed in the analysis of HA preparations
derived fromS. zooepidemicys/as not observed. As shown
in Fig. 2, HA derived fromS. zooepidemicudearly showed
two peaks, and the peak observed at 95 s was more abundant
than that observed in rooster comb. If the HAs analyzed in
Fig. 6are derived frons. zooepidemicushe peak observed
at 95s must be observed. In addition, this peak was disap-
peared by digestion with hyaluronidase (data not shown).
Therefore, we conclude that these HA preparations are de-
rived from rooster comb. We also analyzed some commercial
pharmaceutical heparin preparatioRgy( 7).

Preparations (a) and (b) are the products from pig intes-
tine, and the preparation (c) is a low-molecular-weight HP
preparation. Preparations (a) and (b) gave incompletely re- M
solved two peaks at 60 and 65 s, but the low-molecular-weight ‘ 1 I I
preparation showed a peak at 60 s. However, in the analysis 40 60 80 100 120
by cellulose acetate membrane electrophoresis, preparations Migration time (sec)
(a) and (b) were observed as single spot at the S"."m? pOSItlonFig. 8. Analysis of GAGs derived from Hela cells: (a) standard sample
with that of a standard HP sample. These results indicate thatof chondroitin sulfate A derived from whale cartilage; (b) GAGs derived

HP preparations (a) and (b) have higher heterogeneities thanyom HeLa cells; (c) GAGs derived from HeLa cells after digestion with
low-molecular-weight heparin preparations. chondroitinase ABC. Analytical conditions were the same @&ign4(b).

(@)

Fluorescence intensity
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